Available online 14 November 2015 Current physical activity and fitness levels among adolescents are low, increasing the risk of chronic disease. Although the efficacy of high intensity interval training (HIIT) for improving metabolic health is now well established, it is not known if this type of activity can be effective to improve adolescent health. The primary aim of this study is to assess the effectiveness and feasibility of embedding HIIT into the school day. A 3-arm pilot randomized controlled trial was conducted in one secondary school in Newcastle, Australia. Participants (n = 65; mean age = 15.8(0.6) years) were randomized into one of three conditions: aerobic exercise program (AEP) (n = 21), resistance and aerobic exercise program (RAP) (n = 22) and control (n = 22). The 8-week intervention consisted of three HIIT sessions per week (8-10 min/session), delivered during physical education (PE) lessons or at lunchtime. Assessments were conducted at baseline and post-intervention to detect changes in cardiorespiratory fitness (multi-stage shuttle-run), muscular fitness (push-up, standing long jump tests), body composition (Body Mass Index (BMI), BMI-z scores, waist circumference) and physical activity motivation (questionnaire), by researchers blinded to treatment allocation. Intervention effects for outcomes were examined using linear mixed models, and Cohen's d effect sizes were reported. Participants in the AEP and RAP groups had moderate intervention effects for waist circumference (p = 0.024), BMI-z (p = 0.037) and BMI (not significant) in comparison to the control group. A small intervention effect was also evident for cardiorespiratory fitness in the RAP group.
Introduction
Less than 20% of adolescents worldwide are participating in sufficient physical activity to accrue health benefits (Hallal et al., 2006) ; cardiorespiratory fitness levels among young people have steeply declined over the last 30-years (Tomkinson and Oliver, 2007) . In Australia, only 15% of youth aged 12-17 accumulate 60-minutes of moderate-tovigorous physical activity everyday (Cancer Council Victoria, 2010) , and 65% of youth have aerobic fitness levels associated with reduced risk of poor cardiometabolic health (Hardy et al., 2010) . Longitudinal studies have demonstrated that physical activity levels decline by 10% each year during adolescence (Dumith et al., 2011) and health behaviors established during this period continue into adulthood (Hallal et al., 2006; Menschik et al., 2008; McDavid et al., 2012) . While adolescents are a high priority population for these reasons described, previous interventions to increase physical activity and improve fitness levels have been largely ineffective (Dobbins et al., 2013) .
Schools represent an ideal setting for promoting physical activity and fitness in adolescent populations (Mura et al., 2015) . As young people spend 6-8 h/day in schools, which have facilities, personnel and curriculum to provide opportunities for physical activity. Physical education (PE) is the primary vehicle associated with physical activity promotion in the school setting (CDC, 2013 ), yet physical activity levels within PE lessons are generally low (Rosenkranz et al., 2012; Lonsdale et al., 2013) . In addition, lessons may not occur frequently enough to achieve health gains and students' opportunities for physical activity decrease in senior years. While increasing the duration and frequency of PE lessons would be ideal, this is not practical considering the challenges associated with the existing 'crowded curriculum' (Hills et al., 2015) . Indeed, any strategy designed to increase activity and fitness in schools needs to be time efficient and scalable for easy implementation (Dobbins et al., 2013; Naylor et al., 2015) .
A growing body of literature supports the efficacy of high intensity interval training (HIIT) for improving sport performance in athletes (Laursen and Jenkins, 2002) and cardiorespiratory fitness in adult populations (Weston et al., 2013) . While there is not a standardized definition of this type of training, HIIT involves (a) short or long intervals (from ≤ 45 s to 2-4 min) of intense exercise (e.g., N 85% max heart rate) interspersed by short rest periods or (b) reoccurring short or long (b10 s to 20-30 s) bouts of maximal sprints, interspersed by a rest period (Buchheit and Laursen, 2013) . For adolescent populations the "all out" maximal type of HIIT would not be palatable for most individuals (Hardcastle et al., 2014) . The main appeal of HIIT is that it can be completed in a short period of time (compared to traditional aerobic training), while resulting in equivalent physiological adaptations (Buchheit and Laursen, 2013) .
Although the efficacy of HIIT for improving metabolic health in different population groups (including adolescents) is now well established, it is not known if this type of activity can be effective for population-level health promotion (Biddle and Batterham, 2015) . Indeed, the majority of HIIT studies conducted with adolescents have examined running-based programs (Buchan et al., 2011a (Buchan et al., , 2011b (Buchan et al., , 2013 De Araujo et al., 2012) and most have been conducted in clinical settings with trained athletes. To the authors' knowledge, no previous study has evaluated the efficacy of embedding HIIT into the school day. The objective of this study was to evaluate the efficacy and feasibility of a three-arm randomized controlled trial design testing two HIIT protocols [aerobic exercise program (AEP) and resistance and aerobic exercise (RAP)] for improving health-related fitness, body composition and physical activity motivation in a sample of adolescents. Due to the effectiveness of HIIT on fitness in other population groups, we hypothesize that HIIT will be a successful strategy to improve health-related fitness outcomes in adolescents.
Methods
Ethics approval for the study was gained from the University of Newcastle Human Research Ethics Committee (H-2014-0083) and permission to conduct research from the relevant educational organization was granted. The study protocol has been registered with the Australian and New Zealand Clinical Trials Registry (ACTRN12614000729628). To be included in this study the school needed to meet the following criteria: (a) co-educational; (b) provide at least 2 PE lessons per week; and, (c) not currently participating in a physical activity program in addition to regular PE. The school principal, parents and study participants provided written informed consent to participate in the study. Study participants (n = 65), were students in year 9-10 attending the study school, who consented to participate. The design, conduct and reporting for this randomized controlled trial adhere to the Consolidated Standards of Reporting Trials guidelines (Moher et al., 2010) .
Study design
A three-arm school-based randomized controlled trial was conducted with adolescents attending one secondary school in Newcastle, to evaluate the effects of two 8-week training programs focused on improving fitness via the provision of short HIIT sessions three times/ week (total: 24 sessions). Sessions ranged from eight to ten minutes in duration (weeks 1-3: 8 min; weeks 4-6: 9 min; weeks 7-8: 10 min), with a work to rest ratio of 30 s:30 s. The AEP and RAP sessions were delivered by the research team (PE qualified) at the study school.
Power calculations were based on change in the primary outcome (cardiorespiratory fitness, assessed using the multi-stage shuttle test (Léger et al., 1988) ). Based on our previous research , a between-group difference of 10 laps was considered achievable. Assuming a standard deviation of 9 laps, 80% power with alpha levels set at 0.05, it was determined that 20 participants per group would provide adequate power to detect statistically significant effects.
Once baseline assessments of cardiorespiratory fitness, muscular fitness, body composition and physical activity motivation were conducted (research assistants blinded to treatment allocation), participants were randomized at the individual level using a random numberproducing algorithm, by an independent researcher. A stratified random sampling procedure was conducted to ensure that equal numbers of boys and girls were allocated between the three groups.
Participants in the intervention groups participated in three HIIT sessions/week for eight weeks and all sessions were conducted inside the school hall. Two HIIT sessions/week were delivered in scheduled PE lessons, with a third session delivered at lunchtime. The focus of each of the three programs included: i. AEP: Participants completed HIIT sessions primarily involving gross motor cardiorespiratory exercises requiring minimal equipment (e.g., shuttle runs, jumping jacks, skipping); ii. RAP: Participants completed HIIT sessions that included a combination of cardiorespiratory and body weight resistance training exercises that required minimal equipment (e.g., body weight squats, push-ups, hovers); and iii. Control: Participants continued with their programmed PE and usual lunchtime activities over the 8-week intervention period. The control group received the AEP program once the intervention and follow-up assessments were completed ( Fig. 1 ).
The AEP and RAP groups engaged in HIIT sessions while the control group did their usual PE warm-up, then the groups were combined to complete the remainder of the PE lesson. HIIT session duration and intensity were the same for both intervention groups. To encourage maintenance of the appropriate exercise intensity, participants were fitted with heart rate monitors (Polar H7), which were connected to a central iPad application (Polar Team). Participants were able to view this information on a projector screen during sessions.
To promote exercise adherence, sessions were designed to be enjoyable, with fun warm-up and cool-down activities. In addition, sessions were completed in pairs, with one participant undertaking the 'work' phase, while their partner completed the 'rest' phase. Sessions focused on promoting encouragement and support to peers, 'Trainer of the Day' certificates were awarded to one pair at the completion of each session. Awards were given to participants who provided positive feedback and motivation for their partner and demonstrated outstanding effort and dedication during the workout. At the conclusion of the intervention the pair awarded the most certificates received a prize (e.g., a gift voucher). As the intervention progressed and exercises were mastered, participants were given additional elements of choice including: music (student playlists used weeks 2-8), exercise choices during a workout (weeks 4-6) and choice of workout (between two workouts previously completed; weeks 7 and 8).
Outcomes
All assessments were conducted by trained members of the research team blinded to group allocation (baseline and post-test). A protocol manual including specific instructions for conducting all assessments was used by research assistants for accuracy and consistency. Physical assessments were conducted in a sensitive method (e.g. weight/waist circumference were measured in a private setting) and questionnaires were completed under exam-like conditions.
Primary outcome
The primary outcome was cardiorespiratory fitness assessed using the Progressive Aerobic Cardiovascular Endurance Run shuttle test (Léger et al., 1988) (Mahar et al., 2011) . Note: PACER = number of laps completed; gender: 1 = boy and 0 = girl; and age in years. (Lubans et al., 2011) . The standing long jump was used as a measure of lower body muscular strength (Castro-Pinero et al., 2010) and has acceptable reliability and validity in adolescents (Ortega et al., 2008) .
Secondary outcomes
Body composition: Weight was measured in light clothing without shoes using a portable digital scale (Model no. UC-321PC, A&D Company Ltd., Tokyo Japan) to the nearest 0.1 kg. Height was recorded to the nearest 0.1 cm using a portable stadiometer (Model no. PE087, Mentone Educational Centre, Australia). BMI was then calculated using the formula weight (kg)/height (m) 2 . Waist circumference was measured to the nearest 0.1 cm against the skin using a non-extensible steel tape (KDSF10-02, KDS Corporation, Osaka, Japan) in line with the umbilicus.
Physical activity motivation: Autonomous motivation to engage in physical activity was assessed using an 8-item validated questionnaire examining benefits, fun, importance, enjoyment, effort, pleasure, restlessness and satisfaction related to physical activity participation (Markland and Tobin, 2004 ). Cronbach's alpha was used as a measure of scale reliability [baseline: (α = 0.90) and post-test: (−α = 0.91)].
Process evaluation
Program feasibility was assessed based on the following: consent rate (how many participants offered the program agreed to be involved), retention rate (how many participants completed the intervention and participated in baseline/post-intervention testing), adherence (weekly session attendance of 3 sessions delivered/week (total: 24), average session heart rate across the 8 weeks totalling 10 min inclusive of warm-up/cool-down phase) and participants' satisfaction with the program (I enjoyed participating in the HIIT sessions on 5-point Likert scale: 5 = strongly agree to 1 = strongly disagree). In addition, teachers were asked to report their confidence to deliver the HIIT programs at the end of the study period (I am confident that I could deliver the HIIT/body weight sessions at the start of my PE lessons on 5-point Likert scale: 5 = strongly agree to 1 = strongly disagree).
Statistical analyses
Statistical analyses of the primary and secondary outcomes were conducted using linear mixed models with IBM SPSS Statistics for Windows, Version 20.0 (2010 SPSS Inc., IBM Company Armonk, NY). Cohen's d was used to provide a measure of effect size (adjusted difference between HIIT and control groups over time divided by the pooled standard deviation of change). Moderators of HIIT effects were explored using linear mixed models with interaction terms for the following: i) sex (boys versus girls), ii) and baseline fitness level (i.e., healthy fitness zone versus needs improvement). Subgroup analyses were conducted if the interaction term was statistically significant (p = 0.10) (Assmann et al., 2000) .
Results
The number of participants involved at each phase of the study is reported in Fig. 1 . One secondary school was successfully recruited and 65 adolescents from three classes (45 males, 20 females, mean age: 15.8(0.6)) from years 9-10 completed baseline testing (see Table 1 ). The intervention groups were similar for baseline characteristics. Of the 65 participants, 52 were classified as within the 'Healthy Fitness Zone' (HFZ) and six were identified as 'Needs Improvement' for cardiorespiratory fitness at baseline. Cardiorespiratory fitness was not reported for seven participants.
Changes in primary outcome
Changes for all outcomes are reported in Table 2 . Analyses of efficacy (adjusted difference between group and Cohen's d effect sizes) identified a small intervention effect for the RAP condition for the primary outcome, cardiorespiratory fitness (5.2 laps, 95% CI = − 4.2 to 14.7; d = 0.4). After converting laps to estimated VO 2 max (Mahar et al., 2011) , a between group difference of 5.9 ml·kg·min was found in favor of the RAP condition. There were no intervention effects for muscular fitness for either HIIT group. Motivation remained stable in both intervention groups from baseline to post-test (AEP: 0.60, 95% CI = − 1.89 to 3.08, d = 0.10; RAP: 0.36, 95% CI = −1.99 to 2.72; d = 0.10). As there were no significant (p b .10) interaction effects for any of the potential moderators, subgroup analyses were not conducted.
Changes in secondary outcomes

Process evaluation
The program achieved good recruitment (consent rate: 86%), adherence (average attendance: 2.2 of 3 sessions/week) and retention (90.8%). Heart rate targets were met, with a higher average heart rate evident for the RAP (AEP: 74.04% of max, 148.09 bpm; RAP: 77.58% of max, 155.15 bpm) (average across all session weeks 1-8 inclusive of warm-up/cool-down phase). Of the 43 intervention participants 31 completed the post-program evaluation questionnaire and reported on a 5-point Likert scale (5 = strongly agree to 1 = strongly disagree) that the program was enjoyable (x̄= 4.2). Similarly, the four teachers involved in the study all agreed that: (i) their students had enjoyed participating in the intervention, (ii) they could confidently deliver the HIIT sessions at the start of their lessons with minimal professional learning and, (iii) they intend to include HIIT in their physical education lessons in the future.
Conclusions
The aim of this study was to evaluate the preliminary efficacy and feasibility of embedding HIIT into the school day. Although not statistically significant, small improvements in cardiorespiratory fitness were observed for the RAP condition. In addition, participants in both HIIT groups improved their body composition in comparison to the control group. Overall, the strongest intervention effects were observed for participants in the RAP group, which included resistance and aerobic exercises during sessions. In regards to feasibility, the program achieved high recruitment, good adherence and retention. Participants enjoyed participating in the HIIT sessions and supervising teachers reported a willingness to embed HIIT within future PE lesson.
The RAP intervention condition achieved small intervention effects for cardiorespiratory fitness, an increase of 5.2 laps on the shuttle test was achieved in comparison to controls, which converts to an estimated VO 2 Max increase of 5.5 mL·kg·min (6.1% improvement). Similarly, a recent systematic review and meta-analysis (Costigan et al., 2015) revealed that HIIT can improve cardiorespiratory fitness [unstandardized mean difference (MD) = 2.6 mL·kg·min, 95% CI = 1.8 to 3.3, p b 0.001] in comparison to moderate-intensity exercise and non-exercising control conditions in adolescents. However, results of our study were not statistically significant, which may be explained by the small sample size. In contrast, the AEP resulted in only trivial improvements in cardiorespiratory fitness, this difference is of interest given that both HIIT conditions had an aerobic component and the same training volume and intensity. It may be that muscle performance was enhanced by the lower body strength exercises (e.g., body weight squats) performed as part of the RAP condition and this contributed to larger performance improvements and higher average session heart rates.
There was a moderate intervention effect for BMI and BMI-z in both groups. High BMI values are associated with various adverse health outcomes (Buncher et al., 2015; Weber et al., 2014; Twig et al., 2014) , therefore even moderate improvements can be meaningful at the population level. The favorable intervention effects on BMI in our study are supported by findings of a recent systematic review and meta-analysis which reported HIIT to be a feasible and time efficient approach for improving body composition in adolescent populations, reporting a moderate and statistically significant intervention effect for BMI [(MD = − 0.6 kg/m 2 , 95% CI = − 0.9 to − 0.4, p b .001) (d = − .37, 95% CI = −0.68 to −.05)] (Costigan et al., 2015) . Moderate intervention effects were found for waist circumference for the AEP and large statistically significant intervention effects for RAP. Intervention effects on waist circumference for HIIT are supported by a range of other studies in adolescent populations (Buchan et al., 2013; Boer et al., 2014; Farah et al., 2014; Racil et al., 2013; Tjønna et al., 2009) 2009), and one study used sprint cycling (Boer et al., 2014) . Follow-up periods of these studies ranged between post-intervention and 3-weeks, therefore it is unknown whether participating in these activities would result in continued participation and long-term improvement in waist circumference for adolescents. In addition, it is unknown whether participating in the same type of activity (e.g., cycling or sprints) for an extended time period is appealing for adolescents given three of the five studies reported low retention rates (44-50% (Buchan et al., 2013; Farah et al., 2014; Tjønna et al., 2009) ).
There was a negligible effect on objective measures of muscular fitness in comparison to the control condition. Similarly, a recent systematic review found the overall effect of HIIT on muscular fitness was not statistically significant (MD = 0.8 cm, 95% CI = −1.8 to 3.4, p = 0.5) (Costigan et al., 2015) . In our study, muscular fitness improvements for the control group were similar to the HIIT conditions, which may be explained by the learning effect associated with fitness testing. In addition, the lack of intervention effect could also be attributed to the ability of the tests to detect change. For instance, we used field-based tests to assess muscle performance but it may be that more sophisticated laboratory-based assessments are able to detect modest improvements in performance resulting from HIIT. There is clearly a need for further studies to examine the long-term impact of HIIT on muscular fitness in adolescent populations. It could be necessary for interventions to implement a higher dose and to be conducted for longer duration for muscular fitness improvements.
The intervention effect of HIIT on physical activity motivation was trivial. However, this in itself may be an encouraging outcome, given recent commentaries have suggested that prescribing intense exercise (specifically sprints training) to general/sedentary populations may lead to feelings of incompetence and failure resulting in reduced physical activity motivation and participation (Hardcastle et al., 2014) . Numerous studies have reported positive associations between young people's physical activity and various measures of motivation (Owen et al., 2014 ) (e.g., autonomous motivation (Vierling et al., 2007; Standage et al., 2012) ; intrinsic and introjected physical activity motivation (Verloigne et al., 2011) ; self-determined motivation (Owen et al., 2013) ). If delivered using an authoritarian teaching style, HIIT could be unenjoyable. However, our HIIT intervention was developed in reference to self-determination theory (Deci and Ryan, 1985) and the sessions were designed to satisfy participants' basic psychological needs for autonomy (e.g., choice of music, exercise choices during a workout and choice of workout), competence (e.g., provision of challenging yet achievable workouts, positive feedback and heart rate data) and relatedness (e.g., working in pairs, sessions focused on promoting encouragement and support to peers). We suggest that HIIT can be delivered using an autonomy supportive manner, but teachers may require appropriate professional learning to ensure that programs support rather than thwart young people's basic psychological needs.
Based on the high retention rates, session attendance, satisfaction and adherence to heart rate targets, the HIIT protocols and delivery methods were acceptable for participants and teachers. Intervention strategies appealed to participants and resulted in continued involvement in the program. Further investigation of technology-based strategies such as smartphone applications and text messaging Thompson et al., 2014) to promote adherence and participation beyond the school setting are clearly warranted. In addition, qualitative research is needed to inform future studies of additional strategies for sustained intervention fidelity and the perceptions and pragmatic aspects of introducing HIIT within the school context.
Strengths and limitations
This study has a number of strengths including the randomized design, assessor blinding and high levels of intervention fidelity. Importantly, the retention and session attendance rates were high, demonstrating that the program was appealing to the target group. However, some limitations should also be acknowledged. The small sample size may limit the generalizability of our findings, as the study was conducted in one school with more boys than girls. Laboratory-based methods such as DXA for body composition and isokinetic/isotonic muscle performance testing may have detected more substantial changes resulting from the intervention. physical activity undertaken outside of school time was not taken into account, which could affect the changes in some outcome measures. Finally, cardiorespiratory fitness was assessed using the multi-stage fitness test; while this test is considered the most appropriate field-based measure of cardiorespiratory fitness (Pate and Daniels, 2013) , VO 2 max testing is considered to be the gold standard.
Conclusions and future directions
Evidence from this study highlights the potential of embedding HIIT within PE for improving cardiorespiratory fitness and body composition among adolescents. While an 8-week, school-based HIIT intervention appears to be a promising approach for improving fitness outcomes; some results were not statistically significant and therefore require further examination on a larger scale. In addition, the long-term effectiveness and sustainability of this approach should be assessed both quantitatively and qualitatively, and the potential of successfully training teachers to deliver the program also requires investigation. In summary, HIIT appears to be a feasible approach for improving fitness for adolescents in a school-based setting. Further longitudinal research with longer follow-up periods, investigating a larger sample of adolescents from different schools should be conducted.
